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1.0INTRODUCTION

1.1 Background

Following the dramatic eruption of Mount St. Helens on 18 May 1980 and the deposition of
approximately 3 billion cubic yards of primarily sand and gravel material in the upper 17 miles of the
North Fork of the Toutle River, significant urban and industrial flooding occurred along the lower 20
miles of the Cowlitz River and the Columbia River’s navigation channel was blocked between river miles
(RM) 60 and 72. Subsequent mudflows and sedimentation problems along the lower Toutle and Cowlitz
Rivers from 1981 to 1986 required the investigation and implementation of permanent measures by the
U.S. Army Corps of Engineers (USACE) to address the long term impacts of the Mount St. Helens

eruption.

The Mount St. Helens (MSH) Project was formulated to control the movement of large amounts of
sediment downstream from the debris avalanche resulting from the May 18, 1980 eruption and
maintain a congressionally authorized level of flood protection along the lower Cowlitz River. Other
significant sources of sediment in the Toutle watershed have also been identified as contributing to the
overall supply to the Cowlitz River. The increase in sediment available for transport downstream to the
Cowlitz River has contributed to decreasing levels of flood protection on the lower twenty miles of the
Cowlitz River due to loss of channel conveyance and hydrologic trends in the basin. Figure 1.1 is a

vicinity map of the Toutle and Cowlitz Rivers.
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1.2 Project Description

To address immediate sediment and debris problems immediately following the eruption, two debris
retaining structures were constructed on the Toutle River system. The North Fork (N-1) structure was
constructed in 1980 at the toe of the debris avalanche, 6,100 feet in length 43 feet in height with an
impoundment capacity of 6 M cubic yards. N-1 breached several times as flow overtopped the structure
after dredging behind the structure was terminated in 1981. S-1 was a temporary structure located on
the South Fork, 600 feet in length and 20 feet in height. It was removed in 1982 to allow fish migration.
In addition, dredged material basins were located at LT-1 and LT-3.

The primary elements of the Mount St. Helens Project (MSH), as described in the 2002 Design
Documentation Report (USACE, Portland District 2002) are described in the following paragraphs.

e Spirit Lake Outlet Tunnel is a relief tunnel system to control lake water surface elevations from
exceeding a safe level. Overtopping and failure of the eruption-deposited debris dam could
cause severe downstream flooding. The tunnel is 8,460 feet in length and is designed to safely
deliver the excess lake water to South Coldwater Creek.

e The Sediment Retention Structure (SRS) is an embankment that is 125 feet in height and 1,800
feet in length. The sediment dam is located at river mile 13.3 along the North Fork of the Toutle
River. The SRS was designed to prevent medium sands and coarser sediment from being
transported downstream to the lower Toutle and the Cowlitz Rivers. As one of the six primary
elements of the Mount St. Helens project, construction of the SRS along the North Fork of the
Toutle River began in October 1986. The SRS began impounding water in November 1987,
though construction was not completed until December 1989. Components of the SRS include
an ungated-overflow spillway (crest elevation 940 ft NGVD 1929); an unlined chute in the right
abutment; and an outlet works of 30, 3-foot diameter pipes stacked in six (6) rows spaced 10
feet apart. Since construction, the SRS has continuously impounded sediment such that by 22
April 1998 all six tiers of pipes have been closed and all runoff is currently passed through the
ungated-overflow spillway. Three time periods relative to the SRS are used throughout this
report: (1) the period between the 1980 eruption and the construction of the SRS in 1988; (2)
the period between the closing of the dam in 1988 to the point at which retained sediment
reached the spillway crest in 1998; and (3) the period after the SRS has filled to the spillway

crest to the present.

o The Fish Collection Facility was constructed as a mitigation feature for the SRS blocking the
upstream migration of fish. Fish collected at the facility can be transported around the SRS and

released in the upstream breeding streams. The facility was constructed 1.3 miles downstream



of the SRS and 0.7 miles upstream of the Green River confluence with the North Folk of the

Toutle River.

e Levee Improvements along the lower Cowlitz River (RM 1.3 to 7.0) were required to maintain
flood control standards and appropriate levels of protection. The Castle Rock levee (left bank
from RM 16.1 to 17.55), Lexington levee (right bank from RM 6.95 to 9.6), Kelso levee (left bank
from RM 2.6 to 6.8) and Longview levee (right bank from RM 3.1 to 5.5) were specifically
included. Dredging was authorized in both the Toutle and Cowlitz Rivers through the year 2035,

and was intended to encompass emergency measures.

e Base-Plus Dredging refers to the base-level condition which corresponds to the nominal

protection level available in the November and December 1983 period.

e The McCorkle Creek Pump Station Addition was required because emergency levee
construction impacted drainage from McCorkle Creek into the Cowlitz River. Additional

pumping conveyance was required to mitigate flooding along the Creek.

Each of the primary elements of the project has been constructed and is functioning as designed. As the
level of sediment retained within the SRS has reached the level of the spillway crest (1998), sediment
from the upstream avalanche plain has reached the lower Cowlitz River and this has required the

resumption of maintenance dredging that had been unnecessary during the SRS filling period.



Figure 1.2 Cowlitz Levee Location Map



1.3 Purpose and Approach

The purpose of this report is to present a sediment budget that identifies the existing watershed
sediment sources, pathways of sediment transport and sinks of temporary storage of sediment. The
sediment budget estimates the volumes and transport rates of sediments in the Toutle watershed. In
future studies, this sediment budget will provide a framework for identifying, screening and evaluating

potential alternatives.

A sediment budget is an accounting of the sediment movement, into and out of, a selected location. In
the Toutle / Cowlitz Rivers watershed (Figure 1.1) an accounting of the sediment load has been
conducted beginning upstream within the debris avalanche plain along the North Fork of the Toutle
River and continuing downstream to the mouth of the Cowlitz River adding estimated sediment loads
from various sources along the way. Estimation of sediment sources was the result of careful
examination of all available data within the system. Suspended sediment data, sediment samples,
bathymetric data along the Cowlitz, aerial surveys, and ground survey are included in the information
used to formulate appropriate sediment sources. Temporal density of the information is highly
variable and in some cases the data is sparse. To develop a sediment budget with available data,
judgments have been made of the usefulness of the data and relevance of the time periods over which
the data is most valid. In the following chapters we will explain the sources of information and the

variability of the information.

The Toutle/Cowlitz sediment budget network is comprised of seven reaches, as shown in Figure 1.1. The
reaches were defined geographically by the locations of the SRS, USGS gages, and river confluences.

Each reach is described below:

North Fork Toutle River extending from the debris avalanche downstream to the SRS
North Fork Toutle River from the SRS to the Toutle confluence
South Fork upstream of the USGS gage

South Fork from the USGS gage downstream to the Toutle confluence

i AW NBR

Toutle River extending from the North and South confluence downstream to the USGS gage at
Tower Road
Toutle River from the USGS gage at Tower Road downstream to the Cowlitz River

Cowlitz River from the Toutle to the Columbia River

The sediment budget was formulated under the assumption that the North Fork, South Fork, and Toutle
Rivers act as a conduit for efficiently moving sediment; mainly sands, silts, and clays; to the Cowlitz
River. Local sinks have been observed in a few locations along the Toutle, North and South Fork Rivers;
however, based on analysis of stream power, critical shear, suspended sediment data and field
observations, these sinks are thought to be relatively small in comparison to the sediment sources.

Sediment depositing in sink locations along the Toutle during dry hydrologic conditions will likely return



to suspension and be delivered to the Cowlitz given time. Simulation of sinks or routing of sediment
through the system to the Cowlitz requires a mobile bed sediment transport model, which was not

included in the scope of this report.

In addition to the LiDAR and gage analyses necessary for the sediment budget, we have added a
supplementary investigation of the historical survey data and gradation analyses of the sediment filling
the Sediment Retention Structure (SRS). Also as supplementary information, we have provided a review
of the dredging history in the Columbia River for the period beginning as eruption materials impacted
the Columbia navigation project. Although these two supplemental topics were not directly utilized in

the sediment budget, the perspective offered by the additional data is of significant value to the report.

1.4 Description of Toutle/Cowlitz Basin

The Cowlitz River Basin is located in the western slopes of the Cascade Mountains in the southwestern
portion of Washington State with a total drainage area of 2,480 square miles. The Mayfield-Mossyrock
reservoir system on the upper Cowlitz regulates 1,392 square miles of this area. The Cowlitz River flows
generally south towards the confluence with the Columbia River at approximately river mile 68. The
Toutle River, a tributary to the Cowlitz River at river mile 19.52, drains a mountainous portion of the
Cowlitz River Basin, with headwaters on the northern and western flanks of Mount St. Helens, an active
volcano. The Toutle River has three major tributaries: the South Fork, the North Fork, and the Green
River. The landslide and volcanic blast of the 18 May 1980 eruption devastated a 232 square mile area
north of the mountain, destroying vegetation and depositing volcanic debris (Christiansen and Peterson
1981). Mudflow tephra and blast deposits were also emplaced in several drainages south and east of
the volcano (Dinehart 1992).

Altitudes in the Mount St. Helens area range from 8,365 feet at the present summit of the volcano to
less than 10 feet above sea level near the mouth of the Cowlitz River. Precipitation ranges from 1140
millimeters per year (mm/yr) near the Columbia River to 3200 mm/yr on the upper slope of Mount St.
Helens. Approximately 75% of the annual precipitation occurs between October and March, and about
95% of the recorded annual flood peaks have occurred between November and February (USACE 1984).

Maximum flows are often the result of rain falling on snow pack.

Approximately 22 square mile of the 230 square mile blast zone has been replanted and is managed as
commercial forestland. The remaining area of the blast zone, including the North Fork Toutle River
Valley above Elk Rock, has been left relatively untouched and is within the Mount St. Helens National
Volcanic Monument, managed by the U.S. Forest Service. The approximately 20 square miles of the
debris avalanche, which is the major sediment source to the Toutle River, is located within the
monument area (USACE 2002).



1.5 Sediment Budget Methodology

Development of a budget to estimate the amount of sediment delivered to the Cowlitz River
from the Toutle River basin includes identification of potential sediment sources, and sinks,
guantification of these data by grain size, and consideration of the uncertainty of the data. To facilitate
the evaluation of appropriate sources and sinks, the Cowlitz-Toutle basin was subdivided into seven (7)
major geographic segments, summarized in Table 1.1. Subdivision of the North Fork of the Toutle River
is based on the location of the existing Sediment Retention Structure (SRS). Subdivisions of the Toutle
River and the South Fork of the Toutle River are based on locations of existing USGS stream gages. Each
geographic region will be evaluated independently in terms of relevant sources and sinks, input that will
be used in the sediment budget. Sources of information used for each geographical unit vary and
include gage data, aerial survey data, and hydrographic survey data. Each segment will be addressed in

the following sections.



Table 1.1 Sediment sources and sinks used in the development of the sediment budget

Description Data Source/Notes
North Fork Toutle River: Debris Avalanche to SRS

Coldwater Creek
Castle Creek
Debris Avalanche Erosion Loowit 1939-2007 Surface Comparison
A - Debris Avalanche to Elk Rock
B - Elk Rock to N1

C - Sediment Plane

SRS Deposition D - Sediment Plane 1939-2007 Surface Comparison
E - Sediment Plane
Sources Total Erosion Sum of Debris Avalanche Erosion
Sinks Total Deposition Behind SRS Sum of Sediment Plane Deposition
Output from 5RS Output to North Fork Toutle River Erosion - Deposition
Input Output from SRS
Sources Bank Erosion North Fork Toutle Est. & pro-rated from 95-06 Aerial Photos
Green River Estimate from USGS Gage Data + 18% Unmeasured
Sinks
Output Output to Toutle River
Input Upstream Source = Gage - Bank Erosion Upstream Source Data Unavaliable
Sources Bank Erosion South Fork Est. & pro-rated from 99-06 Aerial Photos
Sinks
Output @ USGS Gage # 14241500 South Fork USGS Gage + 25% Unmeasured
Input @ USGS Gage # 14241500 South Fork USGS Gage + 25% Unmeasured
Sources
Sinks
QOutput Qutput to Toutle River
Toutle River: Confluence of North Fork and South Fort to USGS Gage at Tower Road
Input Output from North Fork and South Fork
Sources Toutle Bank Erosion Above Tower Est. & pro-rated from 95-06 Aerial Photos
Sinks
Output at Tower Rd @ USGS Gage # 14242580 Toutle at Tower Rd Compare Sediment Budget to Gage Data
Input at Tower Rd @ USGS Gage # 14242580 Toutle at Tower Rd Compare Sediment Budget to Gage Data
Sources Toutle Bank Erosion Below Tower Est. & pro-rated from 99-06 Aerial Photos
Sinks
QOutput Qutput to Cowlitz River

Cowlitz River: Toutle River to Columbia River

Input from Toutle River

Input Input from Upper Cowlitz

Sources

Sinks Cowlitz River Deposition/Erasion Hydro-Survey Comparisons
Output Output to Columbia River

1.6 Previous Studies

Dinehart (1998) and Simon (1999) provide rich sources of data pertaining to the channel morphology,
sediment characteristics and transport rate of sediment moving from the areas directly affected by the
volcanic eruption and moving downstream toward the lower Cowlitz River. Major et al. (2000), Major
(2004) and Major and Mark (2006) provide an informative perspective of sediment yield and peak flow

responses on a decadal scale. The first of his three papers close with the following prophetic quotation:



“If the 20-year perspective from Mount St. Helens can serve as a guide, yields from basins affected solely
by hillslope disturbance will diminish rapidly, probably within tens of months, whereas yields from basins
that experience dominantly channel disturbance will likely remain elevated for as much as several
decades. Thus measures designed to mitigate sediment transport in the aftermath of severe explosive
eruptions must remain functional for decades.” Therefore, the need for long-term sustainability was

advised early in the assessment and design for a lasting solution to the Mount St. Helens sediment yield.

WEST Consultants, Inc. (2002), under contract to the Portland District, USACE, conducted a study to
predict the future sediment supply from the Toutle River system and evaluate the associated sediment

transport characteristics of the Cowlitz River downstream of Toutle River confluence.

The Portland District, USACE has authored numerous engineering reports pertaining to the design of the
major elements of the MSH. Annual hydrologic summaries are available for most years, as well as
several river sedimentation studies. A listing of these documents is provided in the reference section of

this report and pertinent documents are contained within the DVD attached to this report.

1.7 Data Collection

Extensive data sets from various sources have been collected by various agencies and researchers since
the eruption. A significant effort was undertaken to compile and assess all available data. Based on this
assessment, the best quality information was given the most weight in the sediment budget analysis and

data sources were prioritized. The assessed uncertainty was a significant factor in prioritization.

1.7.1 Field Reconnaissance

Several field reconnaissance trips were made by members of the Portland District, USACE and by
members of the Biedenharn Group, LLC team. In October, 2008 an extensive geo-reference video of the
Cowlitz River, from the mouth to Mossy Rock Reservoir, and the Toutle River from the mouth, up the
North and South Forks to Mount St. Helens was flown. The geo-referenced video was used to identify
specific locations of bank instability along the Toutle and the North Fork of the Toutle Rivers. Sediment
samples were obtained during December, 2008 by members of the Biedenharn Group, LLC and Portland

District. The samples were processed at the laboratory facilities of Colorado State University.

1.7.2 Aerial Photography

Aerial photography collected for the current study includes the following:

e 1980 Aerial photography obtained from the USGS Earth Explorer Website

e 1981 Aerial photography of the South Fork Toutle River.

e 1984 Aerial photography covering a portion of the Toutle and North Fork Toutle Rivers.

e 1999 Aerial photography covering a majority of the Toutle River basin

e 2006 National Agriculture Imagery Program (NAIP) Aerial photography of the entire Toutle basin
and lower Cowlitz River
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Scanned copies of the 1981, 1984, and 1999 aerial photography were obtained from the Portland
District and geo-rectified for use in GIS.

1.7.3 Survey Data

Survey data collected for the current study includes the following:

e Repeated cross section surveys provided by the USGS and collected between 1980 and 2007
throughout the basin.

e Contours digitized from 1950s and 1984 USGS quadrangle mapping covering the Mt. St. Helens
debris avalanche. Digital files of the contours were obtained from the Portland District.

e Annually field surveyed cross sections located along a 5.4 mile reach of the sediment plain from
years 1987 to 1998.

e Aerial photogrammetry collected through contract by the Portland District in 1987 and 1999.
Coverage includes the debris avalanche and sediment deposition plain on the North Fork Toutle
River above the SRS.

e LiDAR data was collected through contract by the Portland District. Some variation in the spatial
extent of the data was evident; however, LiDAR was acquired in late 2004, 2006 and 2007.

e LiDAR collected in October 2003, December 2004, and October 2006 covering the sediment
deposition plain on the North Fork Toutle River above the SRS

e LiDAR collected in October 2007 covering the entire North Fork Toutle River and debris
avalanche, a portion of the South Fork Toutle River, and the Toutle River.

e Hydro-surveyed cross sections located on the lower 20 miles of the Cowlitz River collected in
May 1990, August 1991, July 1992, Summer of 1996, August 2003, December 2006, and June of
2008.

1.7.4 USGS Gage Data

The USGS maintains an extensive network of gages in the basin. Over the period from about 1920 to
present, 14 different gages have been utilized. Table 1.2 lists these gage location, and indicates the
period of water and/or sediment discharge record for each gage. Figure 1.3 is a map showing gage
locations. In addition to the USGS gages, several stage recording gages are maintained by NOAA on the
lower Cowlitz, however, no discharge measurements are regularly made at these location and the sites
are affected by the tide.
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Table 1.2 USGS Gaging Stations and Periods of Record

Water Year
USGS Gage | Drainage
Gage Name 2 2000-
No. Area (mi”) 1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s 2007

Coldwater Lake Canal near Spirit Lake 14240352 36.2 II
North Fork Toutle River Below Maratta Creek near Spirit Lake 14240370 - I
North Fork Toutle River at St. Helens 14240500 124 I“I
North Fork Toutle River Below SRS near Kid Valley 14240525 175
Green River above Beaver Creek near Kid Valley 14240800 129
Green River near Toutle 14241000 131 II.
North Fork Toutle River at Kid Valley 14241100 284
South Fork Toutle River above Herrington Creek near Spotted

14241465 34.4
Buck Mtn.
South Fork Toutle River at Camp 12 near Toutle 14241490 117
South Fork Toutle River at Toutle 14241500 120
Toutle River near Silver Lake 14242500 474 m
Toutle River at Tower Road 14242580 496
Toutle River at Hwy. 99 Bridge near Castle Rock 14242690 511
Cowlitz River at Castle Rock 14243000 2238

Discharge Data, Full Water Year

Discharge Data, Partial Water Year
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Figure 1.3 Watershed Map with USGS Gage Locations

1.7.5 Bed and Bank Material Gradations

Bed and bank material samples were compiled from previous studies and recent field work conducted
by the Portland District and the Biedenharn Group. A list of previous studies providing bed material

samples and a brief description is provided below.

e  USACE Portland District, 1982, “Sediment Gradation Analysis Results, 1980-1988”: Summary of
sediment samples taken during a period from 1980 to 1988 along the Cowlitz and Toutle Rivers.

e USACE Portland District, 1984, “Mt. St. Helens Cowlitz and Toutle Rivers Sedimentation Study
1984,” A summary of bed material gradations in the Cowlitz and Toutle Rivers is presented
including statistical gradation plots (mean and standard deviation). Material gradations on the
North Fork Toutle in the vicinity of the debris avalanche are of particular interest to the current
study.

e USACE Portland District, 1988 to 2004, “Cowlitz River Basin Water Year Hydrologic Summary
Reports” A series of reports produced every year by the Portland District that includes current
year hydrology and sediment samples along the Cowlitz and Toutle Rivers.
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e USACE Portland District, 1990, “Columbia River Channel Deepening: Reconnaissance Study” A
series of sediment samples collected along the navigation channel of the Columbia River

e USACE Portland District, 1996, “Benthic invertebrates and sediment characteristics at 10
dredged material disposal areas (beach nourishment) in the lower Columbia River 1994-1995”

e USACE Portland District, 1997, “Channel Deepening along the Columbia River” Sediment
samples collected in 1997 along the Navigation Channel of the Columbia River

e USACE Portland District, 2008, Sediment samples taken along the Navigation Channel in the
Columbia River.

e USACE Portland District, 1990-2008, Records of dredging activity along the Lower Columbia
River from river mile 45 to 72.

e Dinehart, R.L.,, 1998, “Sediment Transport at Gauging Stations near Mount ST. Helens,
Washington, 1980 — 1990, Data Collection and Analysis”, USGS Professional Paper 1573: This
study contains several bed material samples collected throughout the 1980s on the North Fork
below the SRS, South Fork, Toutle and Cowlitz Rivers. Bed material samples presented in this
report were not specifically used in the current study due to the dramatic channel response
occurring during the 1980s as a result of the eruption.

e Simon, A., 1999, “Channel and Drainage-Basin Response of the Toutle River System in the
Aftermath of the 1980 Eruption of Mount ST. Helens, Washington,” USGS Open-File Report 96-
633: Includes an extensive set of bed material samples for the North Fork downstream of the
SRS, the South Fork, and the Toutle River at locations coinciding with the USGS repeat cross
sections.

Bed material data available on the Cowlitz River includes samples collected by the Portland District in
1992, 2000, 2005, and 2007. Additional bed material samples were collected on the Cowlitz River by the
Biedenharn Group in 2007. Bed material samples were collected by the Portland District in 2005 on the
Cowlitz River and in 2007 samples were collected on the North Toutle upstream of the SRS. Bed
material samples were collected at various locations in the Toutle Watershed in December 2008 by the

Portland District and the Biedenharn Group.
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2.0 HYDROLOGIC AND HYDRAULIC ANALYSES

In this section, the hydrology of the area was briefly analyzed through a review of the record of
maximum flow within the time period since eruption of Mt St Helens. Equally important are the records
and analysis of responses of the relationship between river stage and discharge for the Toutle and
Cowlitz Rivers within the period since the eruption. This analysis is presented as specific gage
relationships. Although a sediment routing model is beyond the scope of this report, relationships are
presented that compare stream power for the streams under review, and the relationship between
hydraulic parameters on the streams to determine the distribution of sediment particle sizes that are
moving in the system. The sediment budget methodology will establish the total sediment loads and
applicable size fractions that move through the system, but sediment routing tools will be required if

documentation of specific sediment sink areas along the streams in the system is needed.

2.1 Hydrology

Using the USGS gages, a graph of total annual discharge for two sites was developed. The greatest peak
discharge for the Cowlitz River at Castle Rock and for the Toutle River at Tower Road was in 1996. Since
1996, the greatest discharge occurred in water year 2007. The total annual discharges for seven gages
are compared in Figure 2.2.
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Figure 2.1 Annual peak discharges for the Toutle River at Tower Road and Cowlitz River at Castle Rock

15



100,000,000
—e—Toutle River at Tower Road —@— North Fork Toutle River at Kid Valley
=== North Fork Toutle River Below SRS —@—Green River
A~ South Fork Toutle River at Camp 12 South Fork Toutle River
< Cowlitz River at Castle Rock (Unadjusted for Storage)
10,000,000 o

PN S
_ s &
g ~ o o < v R o<
o =< < o
<4
E o< <¢
[) <¢
o0
©
<
2
a
©
3
c
&
= 1,000,000
S
]
-

100,000 } } }
1980 1984 1988 1992 1996 2000 2004 2008
WaterYear

Figure 2.2 Total annual discharge for 7 USGS gage sites

2.2 Specific Gage Analysis

The specific gage record is a graph of stage for a specific discharge at a particular gaging location plotted
against time. A channel is considered to be in dynamic equilibrium if the specific gage record shows no
consistent increasing or decreasing trend over time, while an increasing or decreasing trend is indicative
of an aggradational or degradational condition, respectively. Specific gage records were developed from

the measured discharge data for the Toutle River at Tower Road, and the Cowlitz River at Castle Rock.

Figure 2.3 shows the specific gage record for the Toutle River at Tower Road. The specific gage record
was developed for four different discharges (500 cfs, 1,000 cfs, 5,000 cfs, and 10,000 cfs). The specific
gage record covers the period from March 1981 to January 2009. Therefore, there are no pre-eruption
data at this gage. Examination of Figure 2.5 reveals several interesting trends. There is considerable
variability in the stage trends for the first few years following the eruption. However, the peak stages
appear to have occurred in late 1982 or early 1983. Following this period, there is a steady decrease in
stage for all discharges, which reflects the continuing removal of sediment from the channel system.
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This rapid decreasing trend continues through the late 1980s to early 1990s, after which the stages are
fairly stable with perhaps a very slight downward trend. This data seems to suggest that most of the
sediment accumulation in the Toutle following the eruption had been removed within about 10 years.
These trends are supportive of the sediment decay trend suggested by Major (2004). It is also significant
that there are no obvious changes in the stage trends associated with the construction and filling of the
SRS. For instance, during the post 1998 period when spillway flows were supplying significantly more
sediment to the downstream channel system, the specific gage trends remain stable. This suggests that
most of the sediment coming out of the SRS is moving through the system and is not depositing in

significant enough quantities to affect the stages at Tower Road.
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Figure 2.3 Specific gage for the Toutle River at Tower Road, 1980 — 2008

The specific gage record for the period 1974 to 2009 for the Cowlitz River at Castle Rock is shown in
Figure 2.4. The discharges used in the development of this specific gage record were 8,000 cfs, 13,000
cfs, 25,000 cfs, and 40,000 cfs. Figure 2.4 shows that the 1980 eruption caused stages to increase by 10
feet or more at the lower discharges. For the first few years following the eruption, the specific gage
trends are extremely variable with period of both scour and fill resulting from various factors such as
dredging and hydrologic events. By the late 1980s to early 1990s, the specific gage record had
stabilized, and for the past 10 to 15 years there have been no significant degradational or aggradational

trends observed at either the low or high flows.

17



50 I
¢ 8000 cfs
@ 13000 cfs E @)
45 - A25000cfs | = | Pg
— ©40000 cfs AL 09 o5 o ol o
$ o i o o o
Y @) A
g:n 40 %A N
8 $ A A
) N ) _'
< 7 Vi 1 R
S O > II;] O o
< 35 O 0O Oy N 5 I 1 pBE
= Y ¢
S *-2 ®0% o0 @ POPAE
o 'El
30
25
Jun-68 Dec-73 May-79 Nov-84 May-90 Oct-95 Apr-01 Oct-06 Apr-12

Figure 2.4 Specific Gage for the Cowlitz River at Castle Rock, 1970 - 2009

The Castle Rock specific gage reflects conditions about 17 miles upstream from the mouth of the
Cowlitz. Because most of the observed sediment deposition occurs in the lower 10 miles of the river, it
was felt that a specific gage record in the lower river was needed. Unfortunately, there was no gaging
station on the lower river where discharge is consistently measured. An attempt was made to develop a
specific gage record from the stage recording at the NOAA gage at Kelso by transposing the discharges
from Castle Rock. However, there was such extreme uncertainty in the stage data and in transferring

flow data from the Castle Rock gage that it was not considered being a reliable record.

2.3 Hydraulics

A one-dimensional steady flow hydraulic model of the Toutle and Cowlitz Rivers was developed from
cross section geometry using 2007 LiDAR data for the North Fork, South Fork, and Toutle River. Cowlitz
River cross section geometry was based on a combination of 2007 LiDAR data and 2008 bathymetry
survey. Stream power and critical shear relationships were obtained from the one-dimensional

hydraulics computations.

2.3.1 Stream Power Assessment

Characteristics of stream channels responding to instability has been related to specific stream power,
which is computed as the product of the unit weight of water, discharge, and slope divided by the

stream width, expressed as Watts per square meter (W/m?). Brookes (1987) found that in streams
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destabilized by channelization (straightening) and then regained a stable sinuous pattern attained a
stream power in the range of 100 W/m?. Natural stable meandering channel may be found at stream
power levels in the range of 10 to 35 W/m? Ranges for specific stream power as reported by Brookes
(1987) can provide some insight to channel stability; however, natural riverine processes can cause

specific stream power to vary significantly.

Figure 2.5 illustrates the variability of specific stream power for the Cowlitz-Toutle system. As shown,
only the Cowlitz River is contained generally with the range of 10 to 100 W/m?, whereas the Toutle River
and North and South Forks range widely up to 1000 W/m? and drop to 10 W/m? at the downstream
extent of each reach. The effect of the SRS on the North Fork above the SRS can be seen as the specific
stream power drops below 10 W/m? near the SRS. Specific stream power values in the Cowlitz River
below River Mile 3.0 also drop below 10 W/m?  The lower Cowlitz River and the North Fork of the

Toutle at the SRS are reaches that correspond to hydraulic conditions consistent with sedimentation.
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Figure 2.5 Specific stream power as a function of distance upstream of Columbia River
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Figure 2.6 illustrates similar data, plotting channel slope versus bankfull discharge per unit width, with
regions of specific stream power depicted. If an attainable threshold of specific stream power exists,
above which sedimentation is no longer a problem, Figures 2.5 and 2.6 can be aids in managing channel

morphology. Additional modeling will be required to identify possible useful thresholds.
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Figure 2.6 Energy slope versus bankfull discharge per unit width, with regions of specific stream power
Indicated

2.3.2 Critical Shear Analysis

One of the major assumptions in conducting a sediment budget down the Toutle and Cowlitz River
system is that all sizes of material can be mobilized. Equally important is the extent that various size
particles are moved as bedload or suspension. In addition, the locations of any sinks and the range of
particle sizes that could comprise possible sinks are important. The assumptions included in this analysis

are those related to one-dimensional, uniform flow.
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The Shields-Parker river sedimentation diagram (Garcia 2000, Garcia 1999), as shown in Figure 2.7,
shows that for a given set of values of dimensionless shear and grain Reynolds number values, whether
the particle will be in motion or not, and if the predominate motion is bed load or suspended load. As
shown in the diagram, no motion occurs below the Shields curve, and no suspension occurs below the

line of equal shear velocity and fall velocity.

silt _ sand . gravel
10 . . X |~ | [ t
suspension '-
+ m = "
" O+ / "no suspension | et V7Y
s
1
T*
>|£:O
0.1 Mobile Xg "mn
x Q
)6( X
BN ok
Non-mobile -~ &X’L @
! x <8
X 0
0.01 . 1 :
1 10 100 1000 10000 100000 1000000
@ Shields data X Wales X Alberta
© Northwest + Sand muit O Sand sing
¢ Missouri & Zaire A Parana
A Paraguay . B Jamuna O SAFL Main
© O SAFLTIlt = incipient motion (Brownlie 1981)

Figure 2.7 Shields-Parker river sedimentation diagram (after Garcia 2000)

Another diagram that can be used to characterize the same relationships is shown below, Figure 2.8.
The x-axis is the ratio of dimensionless shear stress divided by dimensionless critical shear stress, and
the y-axis is the shear velocity divided by particle fall velocity. The shear velocity was computed as the
square root of the product of the hydraulic radius and slope. Dimensionless critical shear was assumed
to be 0.03. These zones may be thought of in four quadrants: 1) in quadrant 1, there is no motion; 2) in
qguadrant 2, the particles are in motion moving as bed load; 3) in quadrant 3, the particles are in motion
characterized as suspended load; and 4) in quadrant 4, the particles are not in motion. Each symbol
represents a different particle size ranging from 0.0625 mm to 1 mm, with conditions taken for a series
of twelve cross sections from the mouth of the Cowlitz River to river mile 2.5. The data indicates that as
the particle size increases the portion of the load in suspension decreases, and the range of particle size

without motion increases.
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Figure 2.8 The shear stress ratio and shear velocity/fall velocity ratio combine to portray zones of

motion, no motion, bed load and suspended load on the lower Cowlitz River.

Figure 2.9 is a graph of the same parameters as in Figure 2.8; however, the hydraulic characteristics
utilized to develop this graph are the average hydraulic parameter values for each stream as listed. The
Toutle River and tributaries exhibit similar characteristics, while the Cowlitz River exhibits lower values
of shear ratio and velocity ratio. For average conditions on the Toutle River and tributaries, the sand-
size particles remain in suspension and persistent sediment sinks would be expected to occur
infrequently. In comparison, on the Cowlitz River, particles greater than 0.5 mm can be expected to
move only in bed load and would be nearer to the no motion threshold. Particles moving as bedload are
nearer the no-motion threshold and would be susceptible to sink deposition at local zones of low

energy, for example, immediately upstream of the SRS or at the lower 5 to 7 miles of the Cowlitz.
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3.0 SUSPENDED SEDIMENT DATA ANALYSIS

The USGS has collected a rich set of suspended sediment data that extends from prior to the Mount St.
Helens eruption in the early 1980s and to the present. The following sections summarize that data, with
some interpretation of findings related to the data.

3.1 Suspended Sediment Concentration

Measured sediment concentration has changed through time, as shown in Figure 3.1 for the Toutle River
at Tower Road. The Tower Road gage is the most consistent suspended sediment data set for the Toutle
River and tributaries that documents the evolving watershed since the 1980 eruption of Mount St.
Helens. The data in Figure 3.1 indicates that sediment concentration was high during the period
immediately following the eruption (1980 — 1987), and decreased during the next decade, 1988 — 1998,
which may be related to the filling of the upstream SRS and to the decay of sediment availability from
the 1980 eruption. Decay of sediment availability can be thought of as a combination of natural healing
processes. After 1998 the sediment accumulation in the SRS had reached the crest of the spillway and
an increase in suspended sediment concentration may be inferred; however, the variability of the data
prevents a singular conclusion.
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Figure 3.1 Suspended sediment concentration at the Toutle River at Tower Road gage, 1980 - 2007
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3.2 Annual Suspended Sediment Data

Annual suspended sediment vyield in the Cowlitz-Toutle system can be compared spatially and
temporally. Table 3.1 and Figure 3.2 provide a basis for these comparisons. Table 3.1 provides the
annual sediment yield in tons of sediment per year for each year that sampling occurred for six USGS
gages in the Cowlitz-Toutle river system. Two years of high sediment yield, 1996 and 2007, are shown in

red. Gage locations are shown in Figure 1.3.

Table 3.1 Annual Suspended Sediment

Water Toutle River North Fork North Fork Cowlitz River
Year at Tower Toutle River | Toutle River Green River South Fork at Castle
Road at Kid Valley Below SRS Rock
(tons/year) (tons/year) (tons/year) (tons/year) (tons/year) (tons/year)

1980

1981 26,942,811
1982 40,685,406 34,440,772 494,861 1,451,951 36,576,543
1983 39,738,740 29,250,990 181,228 1,616,656 33,977,610
1984 24,746,497 22,124,433 208,811 476,283 25,312,800
1985 9,373,687 9,120,850 36,141 41,502

1986 7,630,324 7,986,256 277,111 189,388

1987 8,769,228 6,950,704 78,804 605,993

1988 2,200,707 974,505 76,458 424,064

1989 773,065 372,517 16,225 218,990

1990 2,378,125 827,494 88,301 964,046

1991 2,609,865 1,037,696 81,713 932,002

1992 742,732 266,622 15,226 409,389

1993 449,278 155,425 6,960 547,632

1994 162,478 102,998 6,160 43,675

1995 1,520,254 522,754

1996 6,536,196 2,774,549

1997 3,040,196 2,004,010

1998 1,996,635 1,385,456

1999 5,057,821 1,224,242

2000 3,017,381 324,901

2001 367,097 101,813 16,664

2002 3,704,975 2,011,237 872,200

2003 2,384,742 155,998

2004 1,284,376 175,018

2005 1,309,443 220,091

2006 2,693,096 226,727

2007 12,565,689 7,028,662 3,555,263 13,162,998

Annual suspend sediment data for the Castle Rock gage for the period 1981 through 2007 is limited, as

shown in Table 3.1. Only four coincident pairs of data are available for the Toutle River at Tower Road
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and for the Cowlitz River at Castle Rock. Even though the drainage area at Castle Rock gage on the
Cowlitz River is much larger than the Tower Road gage on the Toutle River, the annual sediment yield
between the two gages does not appear to increase. All four values of sediment yield for the Castle
Rock gage are within an estimated variability (+or- 25%) for the Tower Road gage, suggesting that the
increase in sediment supply from the upper Cowlitz River is insignificant. The Mossy Rock dam complex
is upstream of the Toutle/Cowlitz confluence, which limits upstream sediment supply. Geo-referenced
video inspection of bank instability for the Cowlitz River between the Mossy Rock dam and the Castle
Rock gage indicated only minor instability. Although data is limited, we have assumed that sediment

supply from the Cowlitz River upstream of the Toutle River confluence is insignificant.

Figure 3.2 graphically compares the suspended sediment yield per square mile of drainage area for each
of six gages from within the Mt. Saint Helens eruption affected area with sediment yield from
unaffected basins shown as black dashed lines (Major, 2000). For the pre-SRS period (1980 — 1988) the
Toutle River at Tower Road decreased and by the end of the period, that gage approached the maximum
sediment yield values of gages from unaffected areas within the Western Cascade Range. The Green
River was not as dramatically affected by the eruption as the upper Toutle River and was not affected by
the construction of the SRS. The Green River gage decreased during the period and continued
decreasing until about 1994 when the gage was discontinued, with sediment yield falling below the
mean values of the unaffected areas. Although at greater sediment yields, Muddy River follows similar
trends as the Green and the Toutle River at Tower Road. Low sediment yield during the period of SRS
filling (1988 — 1998) may be associated with relatively dry climatic conditions during the period, as well
as the SRS filling for the Toutle and North Fork gages. Following 1994, the Toutle River gage at Tower
Road resumed relatively high sediment concentrations reaching more than twice the maximum of the
Western Cascade Range sediment yield values during the period ending in 2007. The data depicted in
Figure 3.2 suggests that sediment yields fell rapidly following the eruption and have been affected by

SRS construction and by climatic variation during the early 1990s to the present.
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Figure 3.2 Annual sediment yield per square mile is shown for six gages within the affected watershed and are compared with non-affected

watershed sediment yield.
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The average annual mean water discharge, the average annual tons of suspended sediment per square
mile of drainage area and the annual tons of suspended sediment per acre-feet of water discharge for
three time periods based on the construction and subsequent filling of the SRS are given in Table 3.2.
The effect of the SRS is clearly shown for the sediment yield in the 1999-2007 period, which is 1.8 times
the prior period of SRS filling.

Table 3.2 Average Annual Water and Sediment Yield Statistics for Three Time Periods

Toutle at Tower Road
Time Period Annual Water Annual Suspended Sediment
mean cfs acre-ft tons/mi’ tons/acre-ft
1982 - 1987 2,131 1,543,666 44,000 13.1
1988 - 1998 2,082 1,508,160 4,107 1.2
1999 - 2007 2,010 1,456,501 7,255 2.3

3.3 Suspended Sediment Gradations

Gradation distributions for suspended sediment samples were obtained from the USGS and were
available only sporadically throughout the Cowlitz-Toutle watershed. Because of limited availability,
gradation data from suspended sediment samples was used primarily as a comparison to the LiDAR-
based, sediment budget results. However, along the Green River and the South Fork, where no other
sediment gradation information exists, the suspended gradation data was used as a primary tool to

distribute the respective sediment load.

3.3.1 North Fork Toutle River

Suspended sediment gradation data on the North Fork below the SRS included 38 samples collected
between 2001 and 2009 and were only used for comparison to the sediment budget results. Table 3.3
provides the minimum, average, and maximum percent finer of the suspended sediment gradation data.
All gradation samples are presented graphically in Figure 3.3. Trends lines are shown in Figure 3.3;

however, due to the extreme variability in the data, the trends are statistically insignificant.
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Table 3.3 Summary of North Fork Toutle Below SRS Suspended Sediment Gradations, 2001 - 2009

Statistic 0.0625mm | 0.125mm 0.25mm 0.5mm Imm 2mm
Min % Finer 23.7 55.1 81.2 96.9 98.8 99.5
Max % Finer 98.3 99.7 100.0 100.0 100.0 100.0
Ave % Finer 64.8 83.5 97.3 99.7 99.9 100.0
St dev 21.0 13.5 4.1 0.6 0.2 0.1
# of Samples 45 38 38 38 38 38

North Fork Below SRS, 2001 - 2009
100 - = —8 —g= = r=-'=|3=*=*,—
o $ = x = Am L} RS
R
90 s = * 0.0625
A
80 .. | ® 0125
£ . A 025
S 70 m
s « 03
o *
g 60 o g e—*
o x 1
€ . =
g 50 > * o 2
T )
‘2 L 2 Linear (0.0625)
3 Linear (0.125)
: &
§ 30 v . Linear (0.25)
a > 'S
20 Linear (0.5)
10
0
Dec-99 Apr-01 Sep-02 Jan-04 May-05 Oct-06 Feb-08 Jul-09

Figure 3.3 Suspended Sediment Gradations through time for the North Fork of the Toutle River below
the SRS, 2001 - 200

29



3.3.2 Green River

Total sediment contributions from the Green River were estimated using gage records from the USGS.
Gradation distributions for the suspended sediment along the Green River were used to distribute the
total sediment load estimated from the gage data. Approximately 76 gradation samples were taken on
the Green between 1981 and 1987. The average gradation was applied to the total annual suspended
sediment to calculate a sediment load by grain size for input into the sediment budget. The minimum,
average, and maximum of all Green River suspended sediment gradations samples is provided in Table

3.4. Green River suspended sediment gradations are plotted versus time in Figure 3.4.

Table 3.4 Summary of Green River Suspended Sediment Gradation Data, 1981 - 1987

Statistic 0.0625mm | 0.125mm 0.25mm 0.5mm 1Imm 2mm
Min % Finer 10.0 26.0 34.0 72.0 91.0 95.0
Max % Finer 99.0 100 100 100 100 100
Ave % Finer 43.8 57.4 75.1 90.6 97.8 98.9
St dev 19.8 16.9 14.3 6.8 2.4 1.3
# of Samples 164 79 78 73 63 35

Green River, 1981 - 1987
100 i‘v'.J' [P O — @itk — A K@< e 9K )
: X
90
X
. 80 ¢ 0.0625
.g " m 0125
70 A 025
S
S 60 x 03
& 2 4 x 1
‘m
t 50 ° 2
g L
=§ 40 % * i Linear (0.0625)
ﬁ o e P e T, s’ K3 ——— Linear (0.125)
o 30 * *s $ Linear (0.25)
2 o ¢ ol * o . )
g 20 - ‘ ® ¢ e | inear (0.5)
2 ’0 ’ $ *
3 . ¢ - Linear (1)
10 -
0
Oct-80 Feb-82 Jul-83 Nov-84 Mar-86 Aug-87 Dec-88

Figure 3.4 Suspended sediment gradation versus time for the Green River, 1981-1987



3.3.3 South Fork

At present, data has not been collected to directly quantify upstream sediment sources contributing to
the South Fork Toutle River. Therefore, the annual suspended sediment data at the South Fork gage is
utilized to estimate the sediment contribution to the Toutle River. The South Fork gradation data
obtained from the USGS included 151 samples taken between 1980 and 1987 and 39 samples collected
between 1998 and 2009. A data gap exists between 1987 and 1998. Average gradation values were
computed for both time periods and are listed in Table 3.5. Graphs of gradation samples over both time
periods are also presented in Figures 3.5 and 3.6. The estimate of the total sediment load was

distributed by grain size using the available gradation data for the South Fork.

Table 3.5 Summary of Suspended Sediment Gradations for the South Fork Toutle River

Time Period Statistic 0.0625mm | 0.125mm | 0.25mm | 0.5mm | 1mm | 2mm
Min % Finer 1.0 1.0 3.0 29.0 91.0 99.0
Max % Finer 100.0 100.0 100.0 100.0 100.0 | 100.0

1980-1987 | Ave % Finer 40.7 51.6 74.0 94.4 99.5 99.9
St dev 24.7 26.4 22.8 10.6 1.3 0.2
# of Samples 310 151 150 137 99 31
Min % Finer 1.0 3.9 21.7 66.8 95.8 98.6
Max % Finer 98.3 99.4 99.8 100.0 100.0 | 100.0

1999 -2007 | Ave % Finer 26.9 44.5 73.5 94.8 99.4 99.9
St dev 19.9 23.7 20.2 7.3 1.0 0.3
# of Samples 44 41 41 41 41 41
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Figure 3.5 Suspended sediment gradations versus time for the South Fork Toutle gage, 1980-1988
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3.3.4 Toutle River at Tower Road

The most extensive set of suspended sediment gradations exist for the Toutle River at Tower Road gage.
The sample gradations were broken into three time periods for analysis: (1) 1981 — 1987 after the
eruption and prior to the construction of the SRS; (2) 1988 — 1998 when the SRS was in Phase | of
operation; and (3) from 1999 — 2007 during the SRS Phase Il operation after the final tier of outlet pipes
were closed and all runoff was diverted through the spillway. The number of gradation samples
collected has decreased over the three time periods, as presented in Table 3.6. Average suspended
sediment gradations for all three time periods are presented in Table 3.6 and graphical plots of the

gradation samples over time are provided in Figures 3.7 through 3.9.

Table 3.6 Summary of Suspended Sediment Gradation Samples for the Toutle River at Tower Road

Gage

Time Period Statistic 0.0625mm | 0.125mm | 0.25mm | 0.5mm | 1mm | 2mm
Min % Finer 4.0 17.0 37.0 64.0 81.0 92.0
Max % Finer 92.0 97.0 99.0 100.0 100.0 | 100.0

1981 - 1987 | Ave % Finer 44.9 59.3 82.0 95.6 99.2 99.8
St dev 15.1 14.7 11.3 51 2.0 1.1
# of Samples 801 263 263 263 240 105
Min % Finer 21.0 17.0 54.0 88.0 96.0 98.0
Max % Finer 89.0 95.0 97.0 100.0 100.0 | 100.0

1988 - 1998 | Ave % Finer 45.1 57.1 80.1 96.5 99.8 99.8
St dev 17.5 17.8 114 3.2 0.7 0.7
# of Samples 54 54 54 54 52 8
Min % Finer 13.9 32.6 55.0 83.1 98.5 98.8
Max % Finer 100.0 100.0 100.0 100.0 100.0 | 100.0

1999 —-2007 | Ave % Finer 60.4 76.1 91.0 97.9 99.7 99.9
St dev 21.7 16.3 9.3 3.3 0.4 0.2
# of Samples 49 40 40 40 40 40
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Toutle River at Tower Road, 1980 - 1987
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Figure 3.7 Suspended sediment gradations versus time for the Toutle River at Tower Road gage, 1980

— 1987 (pre-SRS construction)

Toutle River at Tower Road, 1988 - 1998
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Figure 3.8 Suspended sediment gradations versus time for the Toutle River at Tower Road gage, 1988-

1998 (SRS Phase 1 Operations)
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Toutle River at Tower Road, 1999 - 2009
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Figure 3.9 Suspended sediment gradations versus time for the Toutle River at Tower Road gage, 1999-

2009 (SRS Phase Il Operations)

3.3.5 Cowlitz at Castle Rock

There is limited suspended sediment data for the Cowlitz River at Castle Rock. Several samples were
collected between 1980 and 1984 and a few collected from 2004 through 2007. The average suspended

sediment gradations for both time periods are shown in Table 3.7.

graphically in Figures 3.10 and 3.11.
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Table 3.7 Summary of Suspended Sediment Gradations for the Cowlitz at Castle Rock Gage

Time Period Statistic 0.0625mm | 0.125mm | 0.25mm | 0.5mm | 1Imm | 2mm
Min % Finer 1.0 2.0 5.0 40.0 90.0 97.0
Max % Finer 99.0 100.0 100.0 100.0 100.0 | 100.0
1980 - 1984 Ave % Finer 56.4 62.9 81.3 93.9 99.1 99.8
St dev 24.2 23.9 20.0 10.3 1.8 0.7
# of Samples 571 222 219 198 160 42
Min % Finer 20.0 33.7 55.7 78.8 95.9 99.8
Max % Finer 85.1 97.9 99.8 100.0 100.0 | 100.0
2004 - 2007 Ave % Finer 59.1 80.6 95.1 98.4 99.7 100.0
St dev 134 13.2 9.7 4.5 0.9 0.0
# of Samples 21 21 21 21 21 21
Cowlitz River at Castle Rock, 1980 - 1984
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Figure 3.10 Suspended sediment gradations versus time for the Cowlitz River at Castle Rock, 1980-

1984
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Cowlitz River at Castle Rock, 2004 - 2009
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Figure 3.11 Suspended sediment gradations versus time for the Cowlitz River at Castle Rock, 2004-
2009

3.4 Suspended Sediment Data Variability

The USGS sampling and analyses of discharge and sediment samples for the Mount St. Helens are held in
high regard by all who use and appreciate the data. The following review of variability may aid in
explaining the discrepancy in the quantity of medium to coarse sand sampled at the gage and the
quantity of those particle sizes found in the sediment at the mouth of the Cowlitz River. A greater
quantity of coarse-to-medium sand is found in problematic accumulations at the mouth of the Cowlitz

River than is sampled at the Toutle River at Tower Road.

Figure 3.12 (Gray et al. 2009) shows the range of error in concentration that may result by sampling with
stream velocity significantly greater or less than the velocity for which the sampler nozzle has been
calibrated. The figure is for a nozzle calibrated at 5 feet per second, however, Gray et al. (2009) report
that the FISP series of isokinetic samplers is calibrated to 3.9 feet per second. As shown, the curves of
percentage of concentration error vary as a function of the ratio of mean intake nozzle velocity / mean
stream velocity. An important factor is that the curves are also a function of the grain size, with the
greatest error for a given velocity ratio being represented by the largest particle. This suggests that the

suspended sediment gradation may be affected non-uniformly, to skew the gradation.
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Figure 3.12 Taken from Gray et al. (2009). The original figure is from the Federal Interagency
Sedimentation Project (1941) with the caption: Effect of sampling rate on measured sediment
concentration for four sediment size distributions.

In addition to the variability that may occur in direct sampling of the suspended sediment, the USGS
must also develop and estimate of the total sediment moving through a gaging cross-section from the
sampling points data, and then these estimates must be extrapolated to annual sediment vyield
estimates. The method commonly used by the USGS (Porterfield 1972) is based on the development of
interpolations between measured suspended sediment concentration values, using measured and
estimated values to calculate suspended sediment discharges. This method necessitates the conversion
of point sediment values to values representative of the entire cross section, using all available data.

Gray and Francisco (2009) suggest that insufficient definition of the coefficients to transfer point data to
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be representative of the cross section, or misapplication can result in substantial errors in the derivation

of daily suspended sediment discharge records.

Comparing the Porterfield (1972) interpolation method with a power-function-sediment-transport-
rating-curve method has been investigated by several authors. Wailing (1977), using transport curves,
found that annual loads could be overestimated by 30% even when the relationships were refined for
seasonal and stage effects. Comparing ten USGS gauging stations and comparing the interpolation and
rating curve methods, Gray and Francisco (2009) found the discrepancy to vary between -91% and
526%. The possible degree of uncertainly emphasizes the significant value of having experienced and
expert evaluations of the collected data and of continued resources available to maintain equipment

and personnel.

Spicer (2009), in a presentation to the study group, made the following comments pertaining to the

uncertainty of suspended sediment records:

“Suspended sediment discharge is based on measured sample concentration and water
discharge data. Water discharge uncertainty is usually in the +/- 10% range, but can be larger.
Uncertainty in concentration is hard to assess. Samples are subject to several possible sources of
error during the collection and handling process. The largest source is probably in applying

coefficients to adjust point samples to cross section mean.

It is probably realistic to think that annual suspended sediment discharge totals can be in error
by 25%. The NF Toutle River 2008 final computed total was just over 4 million tons. 25% of that
is 1 million tons. Presumably, use of turbidity and acoustic backscatter data could improve our
ability to accurately measure suspended sediment, and possibly reduce the need for as many

physical samples.”

The utilization of suspended sediment data should be encouraged as a supporting data set, to be used
alone only when necessary. Consequently, even though the Toutle/Cowlitz sediment data is considered
one of the best and most comprehensive data sets, variability exists in all measured suspended data. A
variability of +/- 25% for suspended sediment discharge is utilized in this report. The sediment budget
estimates were developed using both the USGS gaging data and the available LiDAR data, as is discussed

in a subsequent section.
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4.0 TERRAIN ANALYSIS AND SEDIMENT SOURCE/SINK DEVELOPMENT

4.1 USGS Repeat Cross Section Analysis

As part of Mount St. Helens monitoring efforts the USGS has conducted repeated surveys of cross
sections located throughout the basin. Cross section surveys began shortly after the eruption and
continued consistently throughout the 1980s. As channel response began to stabilize, surveys became
less frequent during 1990s and 2000s. No surveys were conducted during the time periods of 1993 —
1995, and 2000 — 2003. All cross section survey data was obtained from the USGS; however, the spatial
and temporal density of the recent surveys limits the usefulness of the data for assessing recent erosion
rates. Analysis of the USGS repeated survey cross sections located throughout the basin was conducted
and discussed in the WEST Report (April 2002). A map showing locations of the USGS cross sections is
provided in Figure 4.1. A total of 21 cross sections that have been re-surveyed since the publication of
the WEST report were analyzed. Table 4.1 includes a summary list of cross sections analyzed in the
WEST report as well as cross sections included in the current study. It should be noted that cross section
surveys have not been conducted on the North Fork Toutle River downstream of the SRS or the Toutle
River since 1999. Analysis of the cross section survey data included producing plots of each cross
section survey and calculating the cross sectional area, top width, and average depth (Figures 4.2 —
4.10).

Loowit Creek (Loo40) is located in the very active avalanche plane. Figure 4.2 shows the dramatic
change in cross section from 2005 to 2007. The large sediment yield event occurred in November 2006.
Profiles of the cross-sectional area of Loo40 and Loo33 are shown in Figure 4.3, and emphasize the
dramatic change in area for the 2007 survey. In contrast the North Fork of the Toutle River (NF100)
provides relatively little evidence of the effect of the November 06 event, showing more of a channel
location shift as opposed to the accelerated incision of Loowit Creek. Profiles for NF100, NF110, NF120,
NF130, NF300 and NF350 (Figures 4.5 and 4.6) show minor changes. On the upper South Fork of the
Toutle River, renewed incision of 15 meters is evident from the cross section plot of Figure 4.7. Profiles
of cross section area change confirm similar changes for SF615. Lower South Fork cross sections do not
show similar response to the upper cross sections. These data suggest that, as expected, dramatic
incision can be expected in the upper watersheds, while the lower portions of the watershed have

evolved to a relatively stable profile.
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Table 4.1 Summary of USGS Repeat Survey Cross Sections Analyzed by WEST and the Biedenharn

Group
Analyzed b
L;Seftsi:r:'c;;s T:::‘I’:yzf Surveys Post 2000 \,:\vr;sasl_:_/ z(;(;;)zy) Biedznhar:
Group (2009)
Castle Creek: Debris Avalanche
CA205 37 2007 X
Loowit: Debris Avalanche
LO030 14 2004, 2007 X
LO033 7 2005, 2007 X
LO040 16 2005, 2007 X
North Fork Toutle River: Debris Avalanche
NF100 52 2005, 2007 X X
NF110 7 2006, 2007 X
NF120 36 2007 X X
NF130 53 2007 X X
NF300 26 2006 X X
NF310 37 -- X
NF320 66 - X
North Fork Toutle River: Upstream of N1
NF345 37 - X
NF350 13 2006 X X
NF375 45 -- X
South Fork Toutle
SF610 6 2004, 2007 X X
SF615 5 2005, 2007 X
SF620 5 2005 X
SF640 7 -- X
SF660 8 - X
SF675 6 -- X
SF690 7 2004 X
SF695 6 2004 X
SF700 9 2004 X X
SF710 7 2005 X
SF740 7 2005 X
SF745 10 2005 X X
SF760 14 2005 X
SF770 7 2005 X
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Figure 4.2 Loowit Creek Cross Section 40, 1982 — 2007
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Figure 4.3 Cross sectional area versus time for Loowit Creek cross sections
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North Fork Toutle River NF100
Upstream of Confluence with Coldwater Creek (Debris Avalanche)
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Figure 4. 4.4 North Fork Toutle River Upstream of Coldwater Creek, Cross Section 100, 1982 — 2007

Cross Sectional Area vs Time
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Figure 4.5 Cross sectional area versus time for upper North Fork Toutle River cross sections
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Cross Sectional Area vs Time
North Fork Toutle Upstream of N1
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Figure 4.6 Cross sectional area versus time for North Fork Toutle River cross section upstream of N1
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Figure 4.7 South Fork Toutle River Cross Section 610, 1983 - 2007
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Cross Sectional Area vs Time
Upper South Fork Toutle River
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Figure 4.8 Cross sectional area versus time for upper South Fork Toutle River cross sections
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Figure 4.9 South Fork Toutle River Cross Section 695, 1981 - 2009
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Cross Sectional Area vs Time
South Fork Toutle River
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Figure 4.10 Cross sectional area versus time for lower South Fork Toutle River cross sections

4.2 Bank Erosion

A geo-referenced video recording was made of the October 2008 aerial reconnaissance. From a review
of the geo-referenced video, a total of 68 bank erosion sites were identified along the North Fork Toutle
below the SRS (11 sites), South Fork (40 sites), and Toutle (17 sites) Rivers. Once identified, historical
aerial photography, channel geometry, and sample gradations of bank material were utilized to estimate

bank erosion volumes and erosion rates by grain class for use in the sediment budget.

Extensive sets of historical aerial photography are available throughout the basin; however, not all sets
have consistent spatial coverage. Historical photos taken in 1999 and 2006 were found to have the
most complete coverage and were utilized for the bank erosion analysis. Digital scans of the 1999 aerial
photography were obtained from the Portland District and geo-rectified to the 2006 National
Agricultural Imagery Program (NAIP) photos. Channel bank lines in the vicinity of each bank erosion site
were digitized from both sets of aerial photos. The surface area of the eroded banks was then
calculated by comparing the digitized banklines between the different years. Depth of the eroded area
was then estimated, from cross sections cut from 2007 LiDAR, and used to calculate a total volume. All
volumes were converted to tons for use in the sediment budget. Figure 4.11 provides an example of a

typical bank erosion site. It should be noted that bank movement was not always detectable from aerial
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photography for the bank erosion sites. Bank movement was detected at 48 of 68 sites (North Fork 9,
South Fork 28, and Toutle 11). A summary table of the bank erosion occurring between 1999 and 2006,
or water years 2000 through 2006, is provided in Table 4.2.

" A

Green line is 1999 bankline Green line is from 1999 image and blue

line is from 2006 image. The difference

between banklines is an erosion site.

i

1999 image geo-referenced to 2006 image

Figure 4.11 Example of Aerial Photo Comparison to Estimate Bank Erosion

The total bank erosion estimated for water years 2000 and 2006 was pro-rated annually based on the
Toutle River at Tower Road peak annual discharge. Annual bank erosion quantities for water years
before 2000 and after 2006 were estimated using the relationship between % of total bank erosion for
2000 — 2006 and Toutle River peak annual discharge, shown in Figure 4.12. Annual bank erosion
quantities for water years 1999 — 2007 are presented in Table 4.3.
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Table 4.2 Summary of Bank Erosion

Estimated Bank Average Bank
Reach Erosion 1999 - 2006 Erosion Rate
(Tons)* (Tons/Year)
North Fork Toutle Below SRS 616,835 88,119
South Fork Toutle River 1,163,989 166,284
Toutle River Upstream of Tower Road 112,450 16,064
Toutle River Downstream of Tower Road 497,046 71,007

A Volume converted to tons using 95 Ib/ft3
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Figure 4.12 Percent of Total Bank Erosion WY 2000 — 2006 versus Toutle River Peak Annual Discharge
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Bank erosion quantities were further broken down into grain size by applying the nearest bank material
gradations collected in October of 2008 and presented in Figure 4.13. The sample designations BG1
through BG8 refer to samples collected by Biedenharn Group, LLC. Table 4.4 provides the total bank
erosion calculated by grain size for the sediment budget time period including water years 2000 through

Table 4.3 Annual Bank Erosion for Water Years 1999 - 2007

North Fork South Fork Toutle River Toutle River
Water Year Toutle River Toutle River U/S of Tower D/S of Tower
Below the SRS Road Road
(Tons) (Tons) (Tons) (Tons)
1999 126,587 238,873 23,077 102,004
2000 108,828 205,362 19,840 87,694
2001 21,219 40,041 3,868 17,098
2002 106,096 200,207 19,342 85,492
2003 146,622 276,681 26,730 118,148
2004 77,409 146,074 14,112 62,376
2005 55,552 104,829 10,127 44,764
2006 101,087 190,755 18,428 81,456
2007 169,389 319,644 30,880 136,494
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Figure 4.13 2008 Bank Material Gradations along the North Fork, South Fork, and Toutle River
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Table 4.4 Total Bank Erosion by Grain Size for Water Years 2000 - 2007

Grain North Fork Toutle South Fork Toutle River U/S | Toutle River D/S
Size River Below the SRS | Toutle River of Tower Road of Tower Road
(mm) (M Tons) (M Tons) (M Tons) (M Tons)
0.0625 0.03 0.05 0.012 0.03
0.125 0.04 0.10 0.018 0.04
0.25 0.09 0.18 0.022 0.09
0.5 0.17 0.20 0.022 0.19
1 0.14 0.27 0.020 0.11
2 0.10 0.26 0.014 0.05
4 0.06 0.14 0.010 0.03
8 0.04 0.09 0.008 0.03
16 0.05 0.09 0.005 0.03
32 0.03 0.07 0.008 0.04
64 0.04 0.04 0.005 0.00
128 0.00 0.00 0.000 0.00
Total 0.79 1.48 0.14 0.63

Accurately estimating bank erosion for over 68 sites throughout the watershed proved to be difficult
given data limitations. The aerial photography method applied to the current study was carried out
consistently for all bank erosion sites. Factors that may attribute to variability in the results include:
accuracy of the rectification of the 1999 aerial photos, difficulty in identifying the channel banklines due
to photo resolution and/or vegetation, limited cross section data to estimate bank height, and using a
single bank gradation to represent the highly non-uniform banks. The variability of the bank erosion

guantities was estimated to be + or — 35%.

4.3 Surface Comparisons of North Fork Toutle Basin above the SRS

Historical aerial survey data sets were found to be one of the most valuable sources of information to
directly calculate volumes of erosion and deposition occurring on the debris avalanche and sediment
plain upstream of the SRS. Total net change in volume was estimated by comparing digital surfaces for

the eight sets of digital topography. Data sets available for analysis include:

e 1950s Contours digitized from USGS 15 minute quad mapping;
e 1984 Contours digitized from USGS 7.5 minute quad mapping;
e 1987 and 1999 Contours developed from aerial photographs; and
e 2003, 2004, 2006, and 2007 digital surface developed from LiDAR.
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The extents of each data set vary, as shown in Figure 4.14. A total of eight surface comparisons were
conducted based upon the coincident coverage of pairs of data. Direct comparison of the complete area
upstream of the SRS cannot be developed for each year that a LiDAR flight is available, because the

extent of the data sets varies significantly.

Legend

e 1955

1984

\
[ 198771990

Figure 4.14 Extents of Aerial Survey Data for Available Data from 1955 to 2007

The surface comparisons were conducted by first converting each data set into a digital elevation model
(DEM), or grid, having a cell resolution of 10’ x 10’. Each DEM was then clipped to the area of interest.
Volumes of erosion and deposition were then calculated by subtracting two selected DEMs. Results of
each surface comparison were then divided spatially into eight sub-areas; three located in each drainage
of the debris avalanche, two extending from the debris avalanche downstream to N1, and three located
on the deposition between the SRS and N1.

Surface and volume calculations can be made only for the smaller coverage of the two LiDAR or
photographic images utilized. The tables of sub-area volumes in each figure contain volume calculations
only for the sub-areas having a coincident data set. Unfortunately, coincident data sets were not

available, and the extent of data collected was not consistent.
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4.3.1 Surface Comparison Results

Results of the surface comparisons are presented in Figures 4.15 through 4.22. Each figure includes a
color coded image of the change in elevation between surfaces; where blue and red indicate deposition
and erosion, respectfully. The extents of the sub-area and a summary table of the volume calculations
are also provided in Figures 4.15 through 4.22. All conversions from volume to mass were calculated
using a unit weight 95 Ib/ft> A plot of the rate of change in volume calculated for each sub area over the
various time periods is presented in Figure 4.23. Surface comparison results were utilized for
independent analysis of the debris avalanche and sediment plain deposition for input to the sediment

budget.
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SRS

Surface Comparison 1950s — 1984 (Pre- and Post-Eruption)

Legend
[] study Sub-Areas
Elevation Change 1955-1984
Value
P 7061t Deposition

oft
| -405ft Erosion

Elk Rock

Sub-Area MCY Tons

Coldwater Creek 258.1 331.0

Castle Creek 251.3 322.3

Loowit Creek 1,578 2,024

A - Debris Avalanche to Elk Rock 452.2 579.9

B - Elk Rock to N1 93.5 119.9
C - Sediment Plane - -
D - Sediment Plane - -
E - Sediment Plane - -
Total Erosion - -

Total Deposition 2,633 3,377

ELEVATION CHANGE
GRID SIDE VIEW
(EXAGGERATED 250x)

Coldwater Creek

Castle Creek

Figure 4.15 Surface Comparison of 1950s and 1984 Quadrangle Contour
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SRS

Surface Comparison 1984 - 1987

Legend
[ study Sub-Areas
Elevation Change 1984-1987
Value
- 400ft Deposition

oft
| -291ft Erosion

Elk Rock

Sub-Area MCY MCY/Year
Coldwater Creek -13.2 -3.3 -17.0
Castle Creek -23.2 -5.8 -29.7
Loowit Creek -127.1 -31.8 -163.0
A - Debris Avalanche to Elk Rock -75.7 -18.9 -97.1
B - Elk Rock to N1 56.0 14.0 71.8
C - Sediment Plane - - -
D - Sediment Plane - - -
E - Sediment Plane - - -
Total Erosion -239.2 -59.8 -306.8
Total Deposition 56.0 14.0 71.8

ELEVATION CHANGE
GRID SIDE VIEW
(EXAGGERATED 250x)

Castle Creek

Coldwater Creek

Figure 4.16 Surface Comparison of 1984 Quadrangle Contours and 1987 Photogrammetry
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SRS

Legend

I:I Study Sub-Areas

Elevation Change 1987-1999

Value v a ’ f
'% weer u
- 135ft  Deposition

oft

L -188ft  Erosion

ELEVATION CHANGE GRID
SIDE VIEW (EXAGGERATED 250x)

Elk Rock

Coldwater Creek

Surface Comparison 1987 - 1999

Sub-Area MCY MCY/Year Tons
Coldwater Creek -85 -0.7 -10.9
Castle Creek -11.9 -1.0 -15.3 B
Loowit Creek -26.4 -2.2 -33.9
A - Debris Avalanche to Elk Rock -36.2 -3.0 -46.4 Castle Creek
B - Elk Rock to N1 -7.2 -0.6 -9.3
C - Sediment Plane 30.0 2.5 38.5
D - Sediment Plane 31.7 2.6 40.6
E - Sediment Plane 28.6 2.4 36.6
Total Erosion -90.2 -7.5 -115.7
Total Deposition 90.2 7.5 115.7

Figure 4.17 Surface Comparison of 1987 and 1999 Photogrammetry
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Legend
[ study sub-Areas J‘hﬁ“" 1“ AM ‘ A pd o ‘
Elevation Change 1999-2003 b 'W" ”W‘w
- 33ft Deposition
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L -66ft Erosion
ELEVATION CHANGE GRID
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